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od Numerical Approach to VIIP Physiology =" 


For studying VIIP, we use: 


(1) Whole-body lumped parameter (LP) model: 


¢ Calculates fluid distribution and 
Intracranial Pressure (JCP) in response 
to altered gravity (g) 


(2) LP eye model: 


¢ Calculates Intraocular Pressure (JOP) and 
blood volume (V,) in altered g 


(3) Finite element (FE) model of the optic nerve 
| head (ONH) and retrobulbar subarachnoid 
) space (rSAS): 
+ Calculates biomechanical tissue strains 
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Lumped Cardiovascular System Model: ; 
Modified Lakin et al: 16-compartment model 
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pain > | UR" Ss a represented at 3 heights 
¢ cranial, upper, lower 
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Central Veins (CV) 


Heart | Heart 
Pump = tare 
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Lower Arteries (LA) 


Lower Veins (LV) 


Lower Tissue 
(LT) 
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Regulatory Mechanisms pe 
¢ Original Lakin ae Ke ssyifalemlilersiiesiccre 
Implementation several limitations 
— Lymphatic sae) \ oie laceiile) als 
Autoregulation an Ulat-\e)(-Mion olcere Ulex- 
— Intracranial adequate responses 


Autoregulation | | 
— Sympathetic Nervous 7 Carel’ oui function 
im O70) U](o lM ol=rere)naT=) 
system (SNS) UTalelelularel=re) 
¢ Large vessel response 
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SNS Control - Modeling Baroreflex _ 


¢ Blanco etal. Int. J. Numer. ¢ Assumptions 
Meth. Biomed. Engng. 2012; — All baroreceptors locations 
28:412-433 behave the same 
— Ottesen and Larsen, SIAM 2004 — Afferent nerve fibers activation 
— Ursino, IEEE Trans Biomed V46, No proportional to cyclic average 
4, 1999 BP 
¢ Regulation occurs on — Activation based on previous 
— Heart Rate or- Ice lt-lemeaien(= 
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— Venous compliances 
— E-—heart muscle elastance 


Sympathetic 
| | | Baroreceptor 


Venous Peripheral Cardiac HR and 


Compliance Resistance Elseiance — Parasympathetic 
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=JElalevem-)@- lm me) suilelt-iiceya _ 
- Efferent response governed by ¢ Linear combination of sympathetic 
1st order ODE and parasympathetic activities 
ax; st b 
lt —(_y. : b = . 
dt == ( x; + 97’) 0; = ajNs — Piny + Yj 
i - Index range for set ai» Bi - Weights for sympathetic and 
€ = {H, Ry, Rc, Cy} parasympathetic activities of each 
Tt; Ch stic Time C t actuator 
- Gnaracteristic time Gonstan Yi  - Basel activation level of each actuator 
H - Heart Rate 
Ra,Rc _ - Flow Resistance 


Cy /enous Compliance 
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| Baseline activation pressure mmHg 
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Cardiac Output: Cavalcanti and Marco, oe 
1999 Le 


¢ Hybrid model 
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Ppya-P 
CO = COgat é — el Bett) 


correlated data COsat = COy(1 + Aco tanh(K-(HR — HR))) 
and heart 
a ceo aS Ed a Mo 
model Praz mmHg -0. Intercept of cardiac pressure curve 
e IH eyslan ‘Oe) ala aUlelers Pran mmHg Slope of cardiac pressure curve 
U aa CO ml/s Reference Cardiac Output 
p p HR bpm Reference Heart Rate 
_ (OFTrelt=le output ro =" é Amplitude of sigmoid function 
aro oT atrial : Slope of sigmoid function 
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pressure 
— Requires we add an aVRA _ 7 (PB, — Pps) — CO 
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CO, ml/min 


Beats/min 
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_ Heart Rate : rr Ventricular CSF Pressure 


Pressure (ir 


Time (min) Time (min) 


Cardiac Output eer Intracranial Artery to Capillary Flow 


Cranial 
blood flow 
maintained 


Flow Rate (mL/min 
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a Sensitivity of Whole-Body Model: =)" 
Histograms of Select Pressures “ 


peer escanen 


Ventricular CSF Pressure 


¢ Tested sensitivity of output (compartment pressures) to 
input (42 physiological parameters) — P, V, C, Z, etc. 


¢ Standing posture, supine 30 sec, standing 3 minutes 
¢ Varied each parameter by +10% 


¢ Histograms represent 1000+ trials, with 100 
discretizations of each Latin hypercube distribution 


¢ Convergence is estimated as < 0.002 change in output 
standard distribution per 100 trials 


¢ There are similar histograms for each of the 16 
compartments 


Basel MAP (P Cent Art) and blood volume 


distributions are the models most sensitive 
parameters 
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Nem O70) a\e1(01-j(o)atowr-lale mm ml eisla-m Dl | a-\e1 (0) a |e 
im 
¢ Successfully implemented regulation within the DAP-CVS 


natese(=) 
¢ Time averaged over cardiac cycle 
¢ Improved traceability and scalability of regulation parameters 
¢ Some calibration still necessary 


¢ Future efforts to extend capabilities of each sub-model 
¢ Venous collapse functions using a new approach to Marchandise 
and Flaud (2010) Incorporate artificial gravity, LBNP and 
compression cuffs in WBM 
¢ Refine TEE faplole(=)tsmie)m(olalemelele-licelamilcelall 
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Parameter Definition S 


P 


a rescanen oa 


Table IV. Parameters for the efferent pathways normalized with respect to the 
corresponding baseline value. 


Actuator (i € €) 


0.59 
0.80 
0.60 
1.10 


Table II]. Characteristic times tj, i € &. 
the different actuators. 


u - Mean pressure at which the system remains 
at equilibrium 


Actuator (i € &) 


H 
E Ax. € C 


v - Shape factor set at 7 based on Ottesen, 2004. 
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ae AY, ©)(er- li \Varome) ©) (0) ais 
— Purely correlated function based on experimental responses 
¢ Lacks fidelity outside the experimental bases 
seen \(ole(=) im latcwr-mevar-laalelsymalcr-lal 
¢ Current state of the art 
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— Hybrid model 
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Initial Thoughts on Space 9 
PANor-lojr-litelam-lalematcxelelr-litela pe 


* Each regulated variable is 
premised on 6 parameters 

u,v, T, (i,/i)_ Threshold, 

(i,/i) Saturation, and i, 

- This set of parameters will 
“adapt” as homeostasis is - 
iney-(eval=1o mel Ulalare ms ey-(exyillepart oral > | 

— Hypothesis - The chronic i . 
response is represented as ce 
resting the acute response sg ae 

— Update yp, (i,/i) Threshold, and i, or femoral 

ern as a lilesjmral¢) e)gey- (ern) 7 mw 


- jugular 
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